Unusual perinuclear inclusions in pancreatic duct cells were observed by electron microscopy in 23 diabetic pancreases, in nine pancreases with islet hyperplasia, and in 10 of 27 pancreases without islet pathology. The origin and significance of the perinuclear inclusions could not be determined, but it is suggested that they may be of viral origin or may represent a cellular response to an unknown stimulus. DIABETES26:793-97, August, 1977.
Unusual perinuclear inclusions in pancreatic ductal cells were observed during an electron-microscopic study of the pancreas from a child who died from sudden-onset diabetes mellitus. The singularity of these structures encouraged us to look at pancreatic tissues from other diabetic patients and from patients representing a variety of other primary diseases. This paper describes these observations and discusses the /arious hypotheses that may relate these structures to disease.
MATERIALS AND METHODS
Pancreatic tissue for light-and electron-microscopic study included (1) autopsy tissue from 23 patients with diabetes mellitus, (2) surgical specimens made following subtotal pancreatectomies of five children with spontaneous infantile hypoglycemia and hyperinsulinism, (3) surgical specimens made following partial pancreatectomies of four adults representing four separate primary diseases, (4) autopsy tissue from two infants of diabetic mothers, and (5) from 25 patients representing 14 primary diseases (tables 1 and 2). All surgical specimens obtained as fresh tissues were processed for electron microscopy by fixation in 5 per cent glutaraldehyde solution or a mixture of 2 per cent glutaraldehyde and 2 per cent paraformaldehyde, postfixed in 1 per cent osmium tetroxide, dehydrated in ethyl alcohol, and embedded in an epoxy resin. Blocks of pancreas of autopsy specimens previously stored in 10 per cent formalin were transferred to 5 per cent glutaraldehyde and processed by the methods used for fresh tissues. Islets were identified in l-fim. sections stained with toluidine blue, and the blocks were then trimmed to include islet and exocrine tissue. Thin sections were obtained from the trimmed blocks, stained with uranyl acetate and lead citrate, and examined by electron microscopy. At least two blocks of pancreatic tissue of each case were sectioned and three to five grids of each block examined in each case. Stained sections of formalin-fixed paraffin-embedded tissues of all specimens were prepared for light-microscopic study.
OBSERVATIONS
Perinuclear inclusions were present primarily in the centroacinar duct cells and the epithelial cells lining the intralobular and interlobular ducts. Acinar cells occasionally contained the inclusions, but the extent of acinar involvement was much less than that of the ductal cells. In two cases of spontaneous neonatal hypoglycemia, perinuclear inclusions were observed in islet cells. In these tissues the plasma membranes of adjacent acinar, ductal, and islet cells were not intact, resulting in fusion of the cytoplasm of these cells.
The involvement of the ductal cells was focal in distribution, and the number of cells containing the AUGUST, 1977 structures were at times present within cross sections of the tubules (figure 1). In a few cells, inclusions were observed not only within the perinuclear space, but also enclosed within a membrane in the cytoplasm (figure 2). The perinuclear inclusions in poorly preserved autopsy tissues (figures 1 and 3-7) were similar in appearance to those in well-preserved surgical specimens (figure 2). Pancreatic tissue from all patients with diabetes mellitus (N=23) had perinuclear inclusions (table I) . These patients represented a wide range of age, duration of diabetic condition, and a variety of complications that may accompany the disease. All juvenileonset diabetics (N= 10 were insulin-dependent. A six-month-old infant had the disease for five months, inclusions varied with the case under study. Often the cells containing perinuclear inclusions were smaller and the nuclei were pyknotic, whereas other cells containing inclusions were normal in appearance. The inclusions consisted of vesicles, short tubules, and branching tubules with a diameter ranging from 30-60 nm. (figures 1-7). They were not associated with nuclear pores. In some instances, the tubules appeared to be in contact with or extensions of the inner nuclear membrane (figure 7). Electron-dense three juveniles died from severe ketoacidosis within three weeks of diabetic symptoms, and two patients were diabetic for over 20 years. Of the patients with adult-onset diabetes ( N = 13), five were insulindependent. The duration of the disease in adult-onset diabetics ranged from two to 30 years. Perinuclear inclusions were also present in pancreases in which the primary change was hyperinsulinism and/or islet hyperplasia (table 1). These patients were two male infants of three and seven months of age whose hypoglycemia and hyperinsulinism persisted from birth and three juveniles who developed this disease during the first year of life. Also included in the category of islet cell hyperplasia are two newborn infants of diabetic mothers, a newborn with erythroblastosis fetalis, and a 23-year-old male who had the classic symptoms of watery diarrhea-hypokalemia-achlorhydria syndrome but who did not have a pancreatic tumor.
As shown in table 2, perinuclear inclusions were present in 10 of the 27 pancreases of patients with neither a clinical history of persistent glucosuria, polyuria, or polydipsia nor a clinical history of hyperinsulinism or pathologic changes in the pancreatic islets (figures 3 and 6). Thus, the presence of the perinuclear inclusions did not correlate exclusively with currently monitored changes in islets or their functions.
Only one patient in this category, a child with Reye's syndrome, had higher than normal glucose levels. There was not a strong family history of diabetes in any of the patients in table 2. The father of one patient and the maternal grandmother of another patient were diabetics.
DISCUSSION
The perinuclear inclusions described in this study have not been reported previously, and .nothing is known concerning their relationship to the normal function of the pancreas or to the diseased pancreas. Their presence in all diabetic pancreases studied would suggest an association with beta-cell dysfunction. Their presence also in neonatal and infantile pancreases with islet hyperplasia would suggest, in a broader sense, an association with the regulatory mechanism(s) of islet development and secretion. Their presence in 10 pancreases with apparently normal islet structure and secretion argues against a perfect correlation with islet growth and activity. However, it is possible that the formation of the inclusion may be regulated by or expressed only under certain conditions within the pancreas of a given individual. The origin and significance of the perinuclear inclusions could not be determined from the static nature of the material studied. Their occurrence in a group of related diseases as wellas in other seemingly unrelated diseases and nondiseased tissue is similar to the distribution of the tubular arrays observed in the endoplasmic reticulum of endothelial cells of patients with autoimmune diseases 14 and in neoplastic cells, 23 normal cells, 4 and virus-infected cells. 5 The origin and nature of these tubular arrays are also unknown.. Two interpretations, viral and nonviral, have been presented. These interpretations may also be considered for the perinuclear inclusions of the human pancreas.
One basis for suggesting that the perinuclear inclusions may be of viral origin is their similarity in appearance and location with the replicating structures of certain DNA-containing viruses, whose nucleoids are enveloped by the inner nuclear membrane as the forming particles move from the nucleoplasm toward the cytoplasm. 6 Replicating viruses or empty capsids composed only of membrane may collect within the perinuclear space. 6 It is possible to suggest that the perinuclear inclusions may represent membranes of an incomplete virus, the nucleocapsids of a defective virus or of an unknown persistent nonlytic virus. It is not known whether a viral infection of pancreatic duct cells could directly or indirectly produce the changes in beta-cell function that occur in diabetes. In mice in which a diabetes-like syndrome was induced by the M variant of the encephalomyocarditis virus, the target cell of the pancreas was the beta cell.
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The nonviral hypothesis for the origin of perinuclear inclusions is that they may represent a component formed as a cellular response of the duct cells to an undefined stimulus or stimuli. Since ultrastruc- tural changes in duct cells that relate to their secretory function have not been sequentially followed, it is possible that perinuclear inclusions may normally form at some stage and, because of the effect of an undefined stimulus or injurious substance, become abnormally numerous.
